J-PARC Muon Facility, MUSE  by Miyake, Yasuhiro et al.
 Physics Procedia  30 ( 2012 )  46 – 49 
1875-3892 © 2012 Published by Elsevier B.V. Selection and/or peer-review under responsibility of the organizing committee 
of the μsr2011 conference.
doi: 10.1016/j.phpro.2012.04.037 
12th International Conference on Muon Spin Rotation, Relaxation and Resonance 
J-PARC Muon Facility, MUSE  
Yasuhiro Miyakea,b*, Koichiro Shimomuraa,b, Naritoshi Kawamuraa,b, Patrick Strassera,b,
Akihiko Kodaa,b, Shunsuke Makimuraa,b, Hiroshi Fujimoria,b, Yutaka Ikedoa,b, Kazutaka
Nakaharaa,b,e, Soshi Takeshitaa,b,f, Mineo Katoa,b, Kenji Kojimaa,b, Yasuo Kobayashia,b,
Kusuo Nishiyamaa,b, Ryousuke Kadonoa,b, Wataru Higemotoc,b, Takashi U. Itoc,b,
Kazuhiko Ninomiyac,b, Kenya Kubod and Kanetada Nagaminea,g
aMeson Science Laboratory, High Energy Accelerator Research Organization, Ibaraki 305-0801, Japan 
bMuon Section, Materials and Life Science Division, J-PARC Center, Ibaraki 319-1195, Japan 
cAdvanced Science Research Center, Japan Atomic Energy Agency (JAEA), Ibaraki 319-1195, Japan 
dThe Graduate School Division of Natural Sciences, International Christian University, Tokyo 181-8585, Japan 
e Present address: Physics Department, University of Maryland, College Park, MD 20742, USA 
f Present address: Quantum Order Research Group, Harima Institute, SPring-8 Center, RIKEN, Sayo-cho, Hyogo 679-5148, Japan 
g Department of Physics Astronomy, University of California, Riverside, California 92521, USA
Keywords: ; J-PARC; pulsed muon; ultra-slow muon; muonium; hydrogen; MLF; RCS; accelerator; surface muon; decay muon; 
pulsed laser; laser resonant ionization; g-2. 
Abstract
 The muon science facility (MUSE) is located in the Materials and Life Science Facility (MLF), which is a building 
integrated to include both neutron and muon science programs. For Phase 1, we succeeded in installing one super-
conducting decay/surface muon beamline, so called D-line, with a modest-acceptance pion injector of about 45 mSr 
in the summer of 2008. In November 2009, by iterative beam tuning and developing new beamline elements such as a 
larger separator, the surface muons (+) extraction rate was significantly increased up to 1.8 × 106/s with the use of a 
120 kW proton beam from the RCS. The achieved intensity is equivalent or even larger than that at the RIKEN-RAL 
muon facility, and would correspond to 1.5 × 107/s surface muons when in the future the proton beam will reach a 
power of 1MW. Recently, the Superomega muon beamline, so called U-line, with a large acceptance of 400 mSr was 
funded for construction, delivering 4 × 108 /s surface muons to the experimental area, aiming at creating a new type of 
muon source; an intense ultra-slow muon source of 1 × 105-6 /s for the study of thin film magnetism, etc. 
1. Introduction
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The muon science facility (MUSE, abbreviation of MUon Science Establishment), along with the 
neutron, hadron, and neutrino facilities, is under construction at the Japan Proton Accelerator Research 
Complex (J-PARC) in Tokai. The MUSE facility is located in the Materials and Life Science Facility 
(MLF), which is a building integrated to include both neutron and muon science programs. About 85 % 
of the 3 GeV/333 A (1 MW) beam from the RCS ring is sent to the MLF for the production of intense 
pulsed neutron and muon beams, while the remaining 15 % is sent to the 50 GeV ring for further 
acceleration for the kaon and neutrino physics programs. The 3 GeV proton beam from the RCS is 
transported through a beam transport line, so called 3NBT, over a distance of about 300 m to the MLF 
and focused onto the muon target (20 mm thick graphite) with a spot size as small as possible on the way 
towards the neutron source. For phase 1, we designed MUSE to provide four secondary beamlines, 
namely D, U, S and H lines, to extract muon beams from the muon target into the experimental halls [1]. 
Figure 1 shows the layout of the MUSE muon beamlines that are already completed or under 
construction.
2. Decay and surface muon beamline, D-Line at MUSE
So far, we succeeded in installing one superconducting decay/surface muon channel, so called D-Line, 
with a modest-acceptance pion injector of about 45 mSr, where either surface muons (+, 30 MeV/c) that 
are obtained from the decay of + stopped near the surface of the graphite target in the proton beamline, 
or decay muons (5–120 MeV/c) that are obtained through the in-flight decay of +/- confined by a strong 
longitudinal magnetic field of several tesla from a superconducting solenoid magnet, can be extracted. 
Since the first delivery of a surface muon beam to the D1 experimental area on September 26th, 2008, the 
muon beam commissioning was done. In November 2009, the surface muon extraction rate was 
significantly increased up to 1.8 × 106/s with a 120 kW proton beam from the RCS, by iterative beam 
tuning and developing new beamline elements such as a new separator with an electrode gap of 200 mm 
(±250kV). The achieved intensity was equivalent or even larger than that at the RIKEN-RAL muon 
facility [2]. This is the reason why the world strongest pulsed muon source was claimed to be achieved at 
MUSE and press-released, even by using only a 120 kW proton beam. This intensity would correspond to 
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1.5 × 107/s surface muons when in the future the proton beam power will reach 1MW [3]. Since 
November 26th, 2010, the proton beam power from the RCS has steadily increased up to 220 kW, 
consequently delivering 3.2 × 106/s of intense surface muon or several 106/s of decay muon beam (+ and 
-), until the earthquake on March 11th, 2011. 
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A SR spectrometer, which is called D1, was placed at the D1 area. It consists of 64 × 2 forward and 
64 × 2 backward scintillation counters equipped with TF coils (up to 200 G), LF coils (up to 1.5 kG), and 
correction coils. Programming and adjustment of the data acquisition (DAQ) system as well as the 
coincidence timing of the telescopes were done. By using the D1 spectrometer, several users’ runs were 
performed. Among them, Takeshita et al. already published a paper demonstrating the presence of a 
macroscopic phase separation between the superconducting and magnetic phases in Co-doped iron 
pnictide CaFe1_xCoxAsF [4]. Dr. Kambe discovered a clear evidence for a magnetic ordering in CeRu2Al10 
in zero field muon spin rotation measurements, in spite that no evidence of an internal field was observed 
by nuclear quadrupole resonance (NQR) measurements under zero field [5]. The full range of possible 
applications of muonic atom science can only be realized with a high intensity - beam as low as 5 MeV/c 
(corresponding to 2 m penetrating depth in Au) and up to 120 MeV/c, since the - obtained at MUSE 
originates from a 3 GeV proton having a larger - cross section. Non-destructive analysis is one such 
example. The different elements present in a sample even in only tiny amounts can be quantitatively 
measured by observing the characteristic X-rays from muonic atoms. Its feasibility has been already 
studied at the D2 area for the non-destructive analysis studies of the Au and Ag concentration in an old 
Japanese coin, Tempo-Koban (property of Prof. T. Saito, National Museum of Japanese History) [6].
3. U-line for the ultra-slow muon beam 
In addition to Phase 1, as one of the principal muon beamline at MUSE, we are planning to install the 
Superomega muon beamline, so called U-line, which consists of a large acceptance solenoid made of 
mineral insulation cables (MIC), a superconducting curved transport solenoid and a superconducting axial 
focusing magnet system. There, we can collect either surface or cloud muons with a large acceptance of 
400 mSr. Compared to conventional beamlines, the large acceptance of the front-end solenoid will allow 
for the capture of the highest intensity pulsed muon beam in the world. With a muon capture rate of 5 ×
108 /s surface muons and an approximate transport efficiency of 80%, we can expect 4 × 108 /s surface 
muons and 107 /s negative cloud muons at the experimental area [7]. The U-line components of the 
superconducting curved and axial focusing magnets were funded and are now under construction. At the 
U-line, we are aiming to create a new type of muon source; the intense ultra-slow muon source. 
Ultra-slow pulsed muons are generated by the resonant ionization of thermal Muonium atoms 
generated from the surface of a hot tungsten foil placed at an intense surface muon beamline, which was 
developed at KEK and RIKEN-RAL. At the RIKEN/RAL muon facility, 20 ultra-slow +/s can be 
extracted at the sample position out of 1.2 × 106/s surface muons [8]. On the other hand, 4 × 108 /s surface 
muons/s can be extracted at the U-line, gaining a factor of 300 in the surface muon intensity. Taking into 
account the repetition rate of the pulsed laser system and the muon beam, we can also gain a factor of 
two, since both the laser and the muon beam can be synchronized to 25 Hz at MUSE, whereas the muon 
beam (50Hz) is synchronized to every second laser pulse at the RIKEN-RAL facility. Moreover, we have 
also been developing an intense Lyman- light of more than 100 J/cm2 needed to saturate the transition 
of Mu from the 1S state to the 2P state, whereas only about 1 J/cm2 of the Lyman- light was produced 
at RIKEN-RAL. Consequently, we can expect, as a maximum, 1.3 × 106 /s of the ultra-slow +/s at 
MUSE.  
4. S-Line 
 In addition to the U-line, we are planning to install a dedicated surface muon beamline, so called S-
line, with a modest-acceptance of about 50 mSr. A kicker system, matched to the pulse structure of the 
proton beam, will be installed to feed single pulses to four specific experimental areas with a rate of 107/s.
At present, the beamline components SQ1-6 and SB1 in the tunnel are already installed or under 
fabrication.
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5. H-Line
 A high momentum muon beamline, so called H-line, with an acceptance of about 130 mSr, is also 
planned to be installed towards the experimental hall No. 1. The H-line is designed to extract either 
intense surface muons (108 /s), or electrons up to 120 MeV/c, for large size particle nuclear physics 
programs, such as the “g-2” or “-e conversion” experiments, etc. Already beamline components in the 
proton beam tunnel are funded and under fabrication. 
6. Damages by the earthquake, ‘Higashi-Nippon Dai-Shinsai’ and beam recovery’s schedule 
MUSE suffered several damages from the earthquake on March 11, 2011, so called ‘Higashi-Nippon 
Dai-Shinsai’. Fortunately the damages found so far were apparently not too serious. They will be fixed in 
half a year, anticipating a restart of the user’s run on February 2012.
7. Conclusion 
The construction of the D-Line at MSL-MUSE was completed in the summer of 2008, as scheduled. 
We succeeded in the extraction of a “surface muon (+)” beam on September 26th, 2008, as well as a 
“decay muon (+/-)” beam, on December 25th, 2008. We achieved the extraction of the world’s strongest 
pulsed muon beam in November 2009, using a 120 kW proton beam. At present, we are constructing the 
U-line with a large acceptance of 400 mSr for a new type of muon source, an intense ultra-slow muon 
source.
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